Aims-To test the hypothesis that in patients with acquired chronic bilateral ophthalmoplegia, abnormal retinal image slippage during head movements would result in abnormal thresholds for visual perception of motion. Methods-Five patients (two males and three females) with ophthalmoplegia were included in the study. The average age was 44 years (range 30-69 years). The aetiology of ophthalmoplegia was myasthenia gravis (MG; n=2), chronic progressive external ophthalmoplegia (CPEO; n=2), and chronic idiopathic orbital inflammation. Visual motion detection thresholds were assessed using horizontal and vertical gratings (spatial frequency) set at thresholds for visibility. The grating was then accelerated at 0.09 deg/s 2 . The subject's task was to detect the drift direction of the stimulus.
Adult patients with acquired loss of function of one or more extraocular muscles typically experience diplopia, simultaneous perception, and past pointing. These symptoms relate primarily to disruption of binocular gaze holding. 1 Other symptoms arise during movement of the subject as a result of inappropriate vestibularocular movements, with diVerential retinal slip velocities in each eye and include both oscillopsia and disorientation. [2] [3] [4] [5] The patient with an acute onset lateral rectus palsy obtains relief by occluding the deviating eye, not just to abolish the false image but also to eliminate the unpleasant illusory motion of the external world especially when trying to walk. However, even when the ophthalmoplegia and diplopia persist, it is often the case that symptoms of oscillopsia abate with time, suggesting the possibility of some form of plastic adaptive phenomenon. Some patients do appear to "get used to" the ocular deviation and eventually may even accept the continuing presence of a false image.
The neural substrate for this evolution of symptoms in the presence of continuing ophthalmoplegia has not been fully elucidated. Dieterich and Brandt 6 showed that the response time to detect horizontal motion increased in each eye of patients with a monocular peripheral ocular motor nerve palsy suggesting a central adaptive process. Similar mechanisms have been proposed to underlie the absence of oscillopsia in many patients with congenital nystagmus. 6 7 Recently, we have been able to demonstrate that the blunting of sensitivity of the visual apparatus to motion in these patients continues independently of the amplitude or direction of the nystagmus. 8 When monocular testing is used in patients with unilateral lateral rectus palsy, raised thresholds were found in both eyes suggesting a central rather than a peripheral locus for the adaptation. 9 Standard psychophysical techniques for studying these eVects include velocity discrimination tasks, motion detection threshold tasks, and the motion aftereVect ("waterfall illusion") and have been reported in detail elsewhere. 8 10 11 We have studied a group of patients with acquired chronic bilateral ophthalmoplegia to test the hypothesis that in adults presumed to have normal binocular visual function before the onset of their ocular motility defects, motion detection thresholds would be elevated.
Methods
Five patients (two males and three females) with ophthalmoplegia were included in the study. The average age was 44 years (range 30-69 years). The aetiology of ophthalmoplegia was myasthenia gravis (MG; n=2), and chronic progressive external ophthalmoplegia (CPEO; n=2) and chronic idiopathic orbital inflammation (n=1). The two individuals with myasthenia gravis complained of dizziness and loss of balance precipitated by unstable visual backgrounds such as crowds and traYc. Visual motion detection thresholds were tested binocularly using horizontal and vertical gratings (spatial frequency) set at thresholds for visibility ( Fig  1) . Subjects were seated on a high back chair with the head immobilised by an occipital head rest. The dark adapted subject fixates a back projected, sinusoidally modulated, grey scale spatial frequency grating (0.23 cycles/deg, 37 cm in diameter). The grating was vignetted with a circular mask to eliminate edge flicker and motion cues derived from strip width. The contrast of the static grating was adjusted to the point of subjective visibility by a staircase procedure. The range of contrast values was selected so that the midpoint would be approximately at the threshold detection level, using an adaptive procedure to find the contrast at which the stimulus was 50% visible. The contrast of the grating was set just above this threshold value, and the threshold was measured before each test. The grating was initially stationary, and then began to move, accelerating at a constant rate of 0.09°/s 2 . The subject's task was to report the drift direction of the grating as soon as it first appears to move.
Results
Visual motion detection thresholds were raised to a mean of 0.434 deg/s (SD 0.09) (mean normal value 0.287 deg/s (SD 0.08)) for horizontal motion; and to a mean of 0.425 deg/s (SD 0.1) (mean normal value 0.252 deg/s (SD 0.08)) for vertical motion. The diVerence in values for both horizontal and vertical motion detection (Table 1) were statistically significant when compared with age matched controls; p <0.023 for horizontal motion and <0.07 for vertical motion (two tailed t test).
Discussion
Visual motion thresholds were elevated in all patients with ophthalmoplegia regardless of symptoms or aetiology. It should be noted that both patients with myasthenia gravis complained of dizziness and intolerance of movement in their environment in the initial phase of their illness, and these symptoms became less troublesome with time. Motion detection thresholds were examined in the chronic, treated phase of the illness in both of these patients; it would have been interesting to have assessed their motion detection thresholds in the acute phase of the ophthalmoplegia and compare them with those in the chronic treated and "adapted" state. Neither patient with CPEO complained of the dramatic symptoms experienced by the patients with acute MG, though they both noticed that they had some diYculty with moving crowds. This may reflect the slow but steady progression of CPEO as opposed to the fluctuating nature of MG.
Such intolerance to visual motion is similar to the visually triggered dizziness ("visual vertigo") experienced by some patients with vestibular or posterior fossa lesions who have additional extraocular muscle palsy or previous strabismus surgery. 12 The term visual vertigo has also been used for situations where the symptom, rather than the trigger, is visual (that is, downbeat nystagmus or head movement induced symptoms in patients with oculomotor palsies or bilateral vestibular loss). 13 In the latter conditions, however, oscillopsia (the illusion of movement of the visual surroundings), is a better description of their symptoms. Bronstein 2 postulated that ocular misalignment or squint surgery makes eye proprioceptive signals unreliable and therefore likely to be disregarded by postural control centres, hence preventing these patients from suppressing sway responses elicited by conflicting visual stimuli, and resulting in visual vertigo. The symptoms experienced by the patients in our study with ophthalmoplegia may have a similar origin, aggravated by retinal slippage during motion (either self or environmental) because of poor/absent vestibulo-ocular and optokinetic responses. It would be likely that the experimental findings reported herethat is, reduced visual-motion sensitivity, would decrease oscillopsia during head motion in these patients. Indeed, in a recent study on the oscillopsia experienced by patients with defective vestibulo-ocular reflex due to labyrinthine failure, it was found that changes in tolerance to retinal image slippage and oscillopsia handicap scores were statistically correlated. 14 Elevated binocular motion detection thresholds in acquired ophthalmoplegia represent an adaptive response to abnormal retinal slip and forms part of a spectrum of sensory responses to ocular motility deficits in the mature visual system. Figure 1 The dark adapted subject views a back projected, sinusoidally modulated, grey scale spatial frequency grating binocularly (see text for details).
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